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What is claimed is: 

1 V 1. ^ A system for winding fibers onto an article, comprising: 

2 \ a winding station having a controllable speed of rotation, said winding 

3 station having mounted thereon at least one bobbin having said fibers thereon; 

4 a conveyor adapted to move said article axially through said winding 

5 station; \ 

6 a sensor adapted to measure axial motion of said article proximate to said 

7 winding station; and \ 

8 a controller adapted to adjust said speed of rotation of said winding station 

9 to correspond to said axial motion thereby to wind said fibers onto said article in a 
10 predetermined pattern, the controlled operatively coupled to said axial motion sensor. 

1 2. The system as defined inVclaim 1 further comprising a rotation sensor 

2 rotationally coupled to said winding station, to measure said speed of said rotation and 

3 operatively coupled to said controlled, said controller adapted to adjust a rate of said axial 

4 motion to correspond to said speed of rotation^ as measured by said rotation sensor. 

1 3. The system as defined in claim 1 further comprising a rotation sensor 

2 adapted to generate a signal corresponding to said speed of rotation coupled to said 

3 controller, said axial motion sensor adapted to generate aWnal corresponding to a speed 

4 of said axial motion of said article, said controller adapted t\adjust said speed of rotation 

5 of said winding station in response to output of said rotation sensor to correspond to said 

6 measured axial speed of said article. \ 

1 4. The system as defined in claim 3 wherein said rotational speed of said 

2 winding station is controlled so as to maintain a lay angle of said fibers constant to within 

3 a tolerance of about one-half degree. \ 
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1 5. \ The system as defined in claim 2 wherein said rotation sensor is adapted to 

2 generate a signak corresponding to a rotational position of said winding station, said axial 

3 motion sensor is adapted to generate a signal corresponding to an axial position of said 

4 article along said systbm, and said controller is adapted to adjust said rotational position 

5 of said winding station toscorrespond to said axial position. 

1 6. The system asMefined in claim 1 wherein said controller is adapted to 

2 adjust said speed of rotation to provide a lay angle of said fibers corresponding to an axial 

3 position of said article within said finding station. 

1 7. The system as defined in\elaim 6 further comprising an integrator coupled 

2 to said axial motion sensor, said integrate adapted to generate a signal corresponding to 

3 said axial position. 

1 8. The system as defined in claim 6 xurther comprising a proximity sensor for 

2 generating a signal corresponding to said axial position of said article. 

1 9. The system as defined in claim 8 wherel^ said proximity sensor comprises 

2 a magnetic sensor. 

1 10. The system as defined in claim 8 wherein saidNjproximity sensor comprises 

2 a capacitive sensor. 

1 11. The system as defined in claim 8 wherein said proximity sensor comprises 

2 a gamma ray transmission sensor. 

1 12. The system as defined in claim 1 further comprising a bndce rotationally 

2 coupled to said bobbin, said brake selectively operable to maintain a select^ tension on 

3 said fibers as said fibers are wound onto said article. 
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1 13.\ The system as defined in claim 12 further comprising a torque sensor 

2 operatively copied to a motor adapted to rotate said winding station and connected to 

3 said controller, ^herein said selected tension is determined by measuring a torque exerted 

4 by said motor. 

1 14. The systeikas defined in claim 13 wherein said torque sensor comprises a 

2 torque sensing element rotauonally coupled to said motor. 

1 15. The system as defmed in claim 13 wherein said torque sensor comprises a 

2 current sensor connected to an electrical power input of said motor. 

1 16. The system as defined iiXclaim 12 wherein said brake comprises an air 

2 brake pressurized by an air supply coupledvthereto through a controllable regulator, said 

3 regulator receiving a control signal from saidYontroller. 


1 
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17. The system as defined in claim^ 12 wherein said brake comprises a 
magnetic brake. 

18. The system as defined in claim 1 furth^j- comprising a resin ring coupled y^ff 


to said winding station, said resin ring adapted to apf^ly resin to said fibers prior to 
winding thereof on said article. 
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19. The system as defined in claim 18 wherein sVid resin ring comprises a \q 
rotationally fixed inlet for said resin, and a dynamic seal adaptecMo seal a fiber inlet and a \ 
fiber outlet of a chamber wherein said resin is applied to said fibers, said chamber having 
formed surfaces therein so that said fibers change directed as they pass through said 
chamber. 


1 20. The system as defined in claim 19 wherein said dynamic sea^ comprises an 

2 inflatable seal. 
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1 2{. The system as defined in claim 19 wherein said resin is pumped into said 

2 chamber uJi^er pressure through said rotationally fixed inlet. 

1 22. T\e system as defined in claim 1 further comprising a pressure source 

2 arranged to chargtkthe interior of said article, so that a cross-sectional shape of said 

3 article is substantiallySnaintained during winding said fibers on said article. 

1 23. The system as defined in claim 1 further comprising a torsional resonance 

2 detector adapted to detect torsional resonance in said winding station coupled to said 

3 controller, said controller adapted to adjust at least one of said speed of rotation and a 

4 speed of axial motion when torsional resonance is detected by said torsional resonance 

5 detector. 
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24. The system as defined i^ claim 23 wherein said torsional resonance 
detector comprises a current measuring circuit coupled to a motor adapted to rotate said 
winding station. 

25. The system as defined in claim\23 wherein said torsional resonance 
detector comprises a torque sensor coupled to a motor adapted to rotate said winding 
station. 


1 26. The system as defined in claim 23 wh&rein said torsional resonance 

2 detector comprises a rotation sensor rotationally coupled to said winding station. 


1 27. The system as defined in claim 1 further comprising an axial resonance 

2 detector adapted to detect resonance in axial motion of said articl^ said axial resonance 

3 detector coupled to said controller, said controller adapted to adjusKat least one of said 

4 speed of rotation and a speed of axial motion when axial resonance is detected by said 

5 axial resonance detector. 
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1 28. \ The system as defined in claim 27 wherein said axial resonance detector 

2 comprises a current measuring circuit coupled to a motor adapted to move said article 

3 axially through s5*id system. 

1 29. The system as defined in claim 27 wherein said axial resonance detector 

2 comprises a torque sensot coupled to a motor adapted to move said article axially through 

3 said system. 
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30. The system as oefined in claim 27 wherein said axial resonance detector 
comprises said axial motion sensor. 
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A system for windingYibers onto an article, comprising: 

a winding station having at least one fiber bobbin thereon; 

a conveyor adapted to move said article axially through said winding 


station; and 


a brake rotationally coupleckto said at least one fiber bobbin, said brake 
selectively operable to maintain a selected tension on said fibers as said fibers are wound 
onto said article. 


1 32. The system as defined in claim 3i further comprising a torque sensor 

2 operatively coupled to a motor adapted to rotate saia winding station and connected to a 

3 controller adapted to control a force exerted by saidNjprake, said tension determined by 

4 measuring a torque exerted by said motor. 

1 33. The system as defined in claim 32 wherein s^id torque sensor comprises a 

2 torque sensing element rotationally coupled to said motor. 


1 34. The system as defined in claim 32 wherein said totaue sensor comprises a 

2 current measuring sensor adapted to measure current drawn by saidinotor. 
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35. 


A system for winding fibers onto an article, comprising: 

a winding station having at least one fiber bobbin thereon; 

a coWeyor adapted to move said article axially through said winding 


4 station; and 


5 


a resin rihg coupled to said winding station wherein said fibers are 


6 impregnated with resin prior to winding onto said article, said resin ring comprising a 

7 chamber sealed by an inflataWe seal disposed where said fibers enter and leave said 

8 chamber, a rotationally fixed inlet for said resin, and formed surfaces disposed inside said 

9 chamber to change a direction of travel of said fiber therethrough. 

1 36. The system as defined in, claim 35 wherein said resin is pumped into said 

2 chamber under pressure through said rotationally fixed inlet. 

1 37. A system for winding fibers onto an article, comprising: 

2 a winding station having a controllable speed of rotation, said winding 

3 station having at least one fiber bobbin thereon; \ 

4 a conveyor adapted to move saidVrticle axially through said winding 

5 station; and \ 

6 a detector adapted to detect torsional resonance in said winding station 

7 coupled to a controller, said controller adapted to admst a rotational speed of said 

8 winding station when torsional resonance is detected. \ 

1 38. The system as defined in claim 37 whereirusaid torsional resonance 

2 detector comprises a current measuring circuit coupled to a moror adapted to rotate said 

3 winding station. \ 

1 39. The system as defined in claim 37 wherein said torsional resonance 

2 detector comprises a torque sensor coupled to a motor adapted to rotate said winding 

3 station. \ 
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1 40. \The system as defined in claim 37 wherein said torsional resonance 

2 detector comprises a rotation sensor coupled to said winding station. 
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41 . A method for making a wound-fiber reinforced article, comprising: 

moving saici article through a winding station at a measured rate of speed; 
rotating fibers\around said article at a selected rotational speed to wind 
said fibers around said article; aW 

controlling said measured rotational speed to match said measured rate of 
speed at which said article moves through said winding station so that said fibers are 
wound in a predetermined pattern. 


1 42. The method as defined in \laim 41 wherein said controlled rotational 

2 speed is selected to provide a helical wind pa^ern to said fibers having a lay angle within 

3 a tolerance of about one half degree. 

1 43. The method as defined in claim M wherein said controlled rotational 

2 speed is selected to provide a helical wind pattenV to said fibers having a lay angle 

3 corresponding to an axial position of said article in saidWinding station. 

1 44. The method as defined in claim 43 further comprising controlling a 

2 tension on said fibers during winding thereof about said articPe. 


45. The method as defined in claim 43 wherein said Vrticle comprises a liner 

2 having an end connector inserted therein, said end connector having traps thereon, said 

3 tension increased during winding of said fibers across said traps, saA lay angle increased 

4 during winding of said fibers across a tapered section of said connector, said lay angle 

5 decreased during winding said fibers across a junction of said liner to saiM connector. 
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1 46. Tnfe method as defined in claim 44 wherein said controlling said tension 

2 comprises measuringsa torque exerted by a motor used to rotate said winding station and 

3 adjusting a force exerteoS^y a brake retarding movement of said fibers in response to said 

4 measuring of said torque. 

1 47. The method as defined in claim 41 further comprising applying resin to 

2 said fibers prior to winding on said article 

1 48. The method as defined in claim\i further comprising detecting torsional 

2 oscillations in said measured rotational speed am. adjusting said rotational speed to 

3 minimize said torsional oscillations. 

1 49. The method as defined in claim 48 wherein said detecting torsional 

2 oscillations in said measured rotational speed comprises detecfemg torsional oscillation 

3 components in a current draw of a motor used to rotate said windingsstation. 


1 

2 
3 



50. The method as defined in claim 48 wherein said detecting torsional 
oscillations in said measured rotational speed comprises detecting torsional oscillation 
components in a spectral analysis of rotational speed of said winding station. 
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51. \A system for winding fibers onto an article, comprising: 

aWinding station having a controllable speed of rotation, said winding 
station having at leasrt one fiber bobbin thereon; 

a conve^r adapted to move said article axially through said winding 

station; 

a sensor adapted to measure axial speed of said article proximate to said 
winding station, said axial speea. sensor comprising a wheel in frictional contact with said 
article coupled to a rotary encoder^ 

a sensor adapted to nteasure said speed of rotation of said winding station, 
said rotational speed sensor comprising^ rotary encoder rotationally coupled to a motor 
adapted to rotate said winding station; 

a controller adapted to adjust\aid speed of rotation of said winding station 
in response to output of said sensor adapteck to measure said speed of rotation, said 
rotation speed sensor and said axial speed sensor operatively coupled to said controller, 
said adjustment to cause correspondence of said rotational speed with said measured axial 
speed to wind said fibers on said article in a helical pattern having a lay angle tolerance 
of about one-half degree; 

a resin ring coupled to said winding statioia adapted to apply resin to said 


fibers prior to winding on said article, said resin ring comprising a rotationally fixed ^ 
inlet for said resin, an inflatable seal adapted to seal a fiber Vilet and a fiber outlet of a 
chamber wherein said resin is applied to said fibers, saidVhamber having formed 
surfaces therein so that said fibers change directed as they pass tntaugh said chamber; 

a controllable force brake rotationally coupled to said bobbin, said brake 

selectively operable to maintain a substantially constant tension on\aid fibers as said 

fibers are wound onto said article; and 

a detector adapted to detect torsional resonance in said finding station 

coupled to said controller, said controller adapted to adjust said rotational k>eed of said 

winding station and said speed of axial motion of said article to avoid sara torsional 

resonance. 
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1 52. AVystem for winding fibers onto an article, comprising: 

2 a wihding station having a controllable speed of rotation, said winding 

3 station having at least o*\e fiber bobbin thereon; 

4 a conveyor s adapted to move said article axially through said winding 

5 station; and 

6 a detector adapted ro detect resonance in axial motion of said article 

7 through said system, said axial resohance detector and said conveyor coupled to a 

8 controller, said controller adapted to adjust an axial speed of motion of said article when 

9 axial resonance is detected. \ 

1 53. The system as defined in claim 52 wherein said axial resonance detector 

2 comprises a current measuring circuit coupled to a motot adapted to drive said conveyor. 

1 54. The system as defined in claim 52 wherein said axial resonance detector 

2 comprises a torque sensor coupled to a motor adapted to drive sard conveyor. 

1 55. The system as defined in claim 52 wherein said axialVesonance detector 

2 comprises an axial motion sensor operatively coupled to said article as it passes through 

3 said system. \ 
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1 56. \ A system for winding fibers onto an article, comprising: 

2 ^winding station having at least one fiber bobbin thereon; 

3 a coh^eyor adapted to move said article axially through said winding 

4 station; and 

5 a brake rota?kmally coupled to said at least one fiber bobbin, said brake 

6 selectively operable to maintam^a selected tension on said fibers as said fibers are wound 

7 onto said article; 

8 a sensor for measurin^\an external diameter of said article after winding 

9 said fibers thereon; and 

10 a controller coupled to said hrake and said sensor, the controller adapted to 

11 adjust said selected tension of said fibers in response to changes detected in said external 

12 diameter by said sensor. 

1 57. The system as defined in claim 56wherein said winding station has a 

2 controllable speed of rotation and said controller is adapted to change a rotation rate of 

3 said winding station in response to changes in said external diameter. 

1 58. The system as defined in claim 56 wherem said brake is operated to 

2 increase said tension when said sensor detects an increase in said external diameter. 


1 59. A system for winding fibers onto an article, comprising: 

2 a winding station having at least one fiber bobbin tn^reon, said winding 

3 station having a controllable rate of rotation; 

4 a conveyor adapted to move said article axially throu^j said winding 

5 station as said fibers are wound onto said article; 

6 a sensor for measuring an external diameter of said article al|er winding 

7 said fibers thereon; and 

8 a controller coupled to said sensor and adapted to adjust said conVollable 

9 rate of rotation of said winding station in response to changes in said external diameter 
1 0 measured by said sensor. 
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60. The sykem as defined in claim 59 further comprising a brake rotationally 
coupled to said at least one fiber bobbin, said brake selectively operable to maintain a 
selected tension on said fibersfcs said fibers are wound onto said article, said controller 
adapted to adjust said selected tensiohin response to changes in said external diameter. 
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